Despite the development of alternative energy, hydrocarbon raw materials is one of the most important energy resources in the world. The discovery of new deposits today is an urgent task. Long-term prospects for the development of seismic exploration are associated with the development of the continental shelf, in particular the Arctic. Also, a large raw material potential is expected from poorly studied territories located on the Arctic coast of the Russian Federation, reef zones of the Persian Gulf states, and in the transit and shallow waters (at a depth of up to 10 meters).
Introduction
Environmental impact of traditional methods of exciting seismic vibrations in water using explosions and compressed-air sources have been studied extensively in the scientific works of ichthyologists and hydrobiologists. A number of studies have shown that the blast wave gives a negative impact on aquatic organisms [1] .
The nature of the pressure waves propagation generated by the use of a pneumatic impulse differs from the excitation of seismic waves by means of a short-stroke impulse caused by the movement of the flat bottom of the float by electromagnetic (EM) force. In particular, single short pulse is generated with a duration of 1-10 ms [2] . In this case, an air bubble is not occurred, as during the operation of compressed-air sources (air-gun source).The air bubble gives the effect of instant expansion in the area of the air-gun source, which leads to a detrimental effect on aquatic biocenoses, and causes spurious oscillations which are interferences in the processing of seismic signals. In addition, the pulses emitted by the air-guns have a bad identity, i.e. the time and frequency domain characteristics of pulses differ from pulse to another [3] . Thus, for seismic exploration, the task of developing methods for exciting seismic waves which significantly reduce the level of negative acoustic impact on the ecosystem of reservoir supporting the ability to work in extreme shallow water (up to 1 m), remains relevant [4] .
It is expected that the use of a seismic source with an electromagnetic (electrodynamic) excitation principle will allow for coherent signal accumulation due to high amplitude and phase identity. This will ensure energetically optimal operation of the SS without using the maximum momentary power with a negative effect on aquatic biocenoses in the aquatic environment.
We define the basic data required to estimate the excitation of elastic oscillations and take several assumptions required for physical and mathematical justification of the seismic source:
1. The impact on the environment is a bipolar pulse which will increase the efficiency factor of the investigated seismic source by eliminating the process of "departure" of the reactive mass beyond the working gap between the ancor and inductor coil. Moreover, water is considered as an isotropic and incompressible medium [5] .
2. The area of the base plate should be sufficient to provide a stroke to the medium in order to exclude the occurrence of cavitation processes in the zone of elastic oscillation generation. The force of influence should not exceed P max =1 kg/cm 2 .
3. Evaluation of the water attached mass makes it possible to optimize the duration of the seismoacoustic impulse with positive and negative polarity, as well as supply currents and voltages for more efficient matching of the SS and the propagation medium.
Theoretical model of the motion of a base plate in a water medium
There are many research is which has been carried out in the field of excitation of seismicacoustic waves for geophysical exploration [6] [7] [8] . However, for the technology of electromagnetic pulsed non-explosive excitation of elastic waves, this task is limited to research of electromechanical processes that occur in this system until the moment of transfer acustic energy the aquatic medium. Below we consider the movement of a plate in an aqueous medium under the influence of electromagnetic forces. For the physico-mathematical substantiation of processes in the aquatic environment when converting EM energy into mechanical energy we consider a generalized structural diagram of an electromagnetic seismic source (Fig. 1) .
The SS includes a short-stroke EM drive which consists of an inductor with a magnetizing coil and an ancor mounted on a float of source. Between the poles of the inductor and the armature there is an air gap δ = 4 mm and coil springs providing a prassing force within the gap equal to half the EM force F EM . The elastic coefficient of coil spring is chosen so that their compression force, within the range of 0-4 mm gap change, is constant F 0 = const. Under the influence of the excitation current I, the magnetizing coils excite a magnetic field, creating a attractive :
where S P is the area of the poles of the magnetic circuit; µ 0 = 4π · 10 −7 is magnetic permeability of vacuum; B is magnetic field induction in the air gap [T].
A coil spring under the action of the force F EM accumulates elastic energy, which is subsequently spent on the formation of a back half-wave with peak value of force F 0 directed downward. The design shown in Fig. 1 allows you to create distinctive features of an electromagnetic seismic source (EMSS) from the water sources presented, for example, the "Yenisei VEM-50":
-the exception of the inductor overranning the air gap δ, during the formation of seismic signals;
-the exclusion of mechanical shock between an ancor and inductor;
-the possibility of forming a bipolar SA impact, allowing for more optimal coordination with the environment;
-the ability to generate vibrational signals with a frequency of up to 200 Hz.
The listed advantages potentially expand the operational capabilities of the seismic source. We set the estimated values of the mass of the inductor M r (the reactive mass), and the mass of the emitter M s based on a simple ratio:
where τ is pulse duration at the value of the applied force F 0 =12.5 kN.
To increase the energy transfering to the medium by source is necessary to select the dimension of the magnetic gap, which determines displacement of the plate δ s in a fixed reference frame matched with the medium. This displament is larger than similar displacement δ r of reactive mass of inductor M r at several times. The value τ =3 ms is based on the requirement to ensure the upper limit of the frequency range f max 150 Hz EMSS. We specify a value of delta, δ s = 3δ r , i.e. δ s =3 mm, δ r =1 mm. According to the expression (2) we obtain the reactive mass values M r =112.5 kg and M s =37.5 kg for the magnetization time τ =3 ms. In this case, the acceleration of the inductor and source remitter plate are equal a r =111 m/s 2 and a s =333 m/s 2 respectively. The values of the maximum velocity of the active and reactive masses can be determined through the expression:
According to the expression (3) V r =0.5 m/s and V s =1.5 m/s. At the same time, a drag force to motion of the emitter plate is generated, from which linearity of response of the source structure to the impulse effect depends. Consider, this process in more detail. In the ideal case, with a constant modulo force F 0 , the motion of the inductor will be uniformly accelerated (Fig. 2 ).
Fig. 2. Plots of the ideal mechanical impulse of a seismic source
Investigation of the linear nature of the motion of the emitter in water is of great practical importance. In this case, it requires a complex solution of nonlinear equations, which significantly complicates software and mathematical support of the seismic source control system. We introduce several restrictions for describing the motion of the emitter in water:
-the force F 0 remains constant at every moment of time and at every point of the trajectory of motion;
-the propagation medium is absolutely incompressible and isotropic;
-the geometric parameters of source exclude the appearance of cavitation and nonlinear processes at the interface "medium-source".
The equation of motion of the emitter surface includes all the forces that act on the plate during movement in the aquatic environment ( Fig. 3) :
where a is acceleration of the emitter plate; F 0 is external force acting on the emitter plate; F A is Archimede's buoyant force; g is acceleration of gravity; m 0 is plate mass; M = (m 0 + M add ); M add is additional mass of water, formed in the half-space under the plate with dimensions b × b [10] :
Then the equation (4) can be written in the differential form:
where V is instantaneous speed of emitter plate. The hydrodynamic resistance of water during the movement of a emitter plate requires a separate analysis. When a body moves in a liquid at a low speed, the resistance to motion is R determined by the friction force, which is proportional to the viscosity of the medium and the velocity of motion V [11] :
With an increase in the velocity V , the resistance force is determined by the work on the formation of eddies.
where ρ is density of medium; c x is drag coefficient; S is area of the emitter plate.
To estimate the velocity, we turn to the concept of the Reynolds number Re, which determines the functional dependence of c x on the viscosity and density of the medium, the velocity of movement, and the linear dimensions of the source [8] :
where v = η/ρ is kinematic viscosity of medium, η ≈ 10 −2 is viscosity index for water. From this we can conclude that the law of viscous friction for motion in water (7) is satisfied when V r 10 −3 [12] .
In our case, with the velocity modulus |V | 5 m/s and section of the impact plate S 1м 2 , the Reynolds number is of the highest order Re >> 1, which indicates a predominantly quadratic dependence of R on V according to the expression (8) Re ≈ 10 5 . The drag coefficient is in the range of 1 c x 1.28 [10] .
Given (8) , the equation (3) can be represented as:
We consider the external impact force F 0 to be constant in absolute value over the entire range of displacement of the emitter plate along the axis OX. The conditional constancy of the force module F 0 is ensured by the source design, as well as by the algorithm of the control system of the exciting electromagnetic signal. With the reduction of the gap between the ancor and the inductor current amplitude changes accordingly involved in the formation of the F EM . Also, the coil springs are in a constantly compressed state, which affects the stability of the external force, F 0 = const, i.e. the condition is satisfied:
where k is the spring stiffness, δ is the air gap (see Fig. 1 ). Then, the equation (5) can be reduced to an ordinary first-order differential equation with separable variables:
The equation (12) can be written as:
Separating the variables in the equation (13) and integrating, we obtain an equation relating the parameters V and t:
where C is the integration constant determined from the initial condition.
Considering that at the initial instant t = 0 the system is atstate of rest, the initial condition has the form: V (0) = 0, therefore, C = 0. Express from (14) speed parameter V through time parameter t. We introduce the following notation:
Then the equation will have two symmetric solutions:
Discarding the first solution, due to physical absurdity, we obtain the dependence of the speed of the base plate on time:
Substituting the values in the expression (16) yields:
Given (5), we write the final equation describing the velocity of the emitter plate in the aquatic media:
(18)
Formula (18) we consider a mathematical model of the motion plate. The simulation results in the MatLab computing environment are presented in Fig. 4 in the form of graphs of the dependence V (t) for different sizes of emitter surfaces under the action of a constant force F 0 =30 kN. 7) is observed at a given time interval for each of the plate sizes b specified in the model and having practical application. Therefore, as a first approximation, we can achieve the desired shape of the pulse impact on the environment, as shown in Fig. 2 . In the future, the model is subject to experimental verification according to the results of laboratory tests.
Conclusion
Analysis of the seismic problems in an aqueous medium discovered benefit of using electromagnetic sources compared pneumatic or explosive sources of environmental parameter. Also, the analysis revealed the shortcomings of the used electromagnetic impulse seismic sources. The article provides a theoretical justification for the effectiveness of the use of EMC with bipolar excitation in comparison with seismic sources with an electromagnetic drive Yenisei, in particular the VEM-50 seismic source. In particular, an important result is the development of a mathematical model of the source in the aquatic environment, which describes the dependence of the motion of the emitter base plate in a liquid under the action of an external driving force. The results will be the basis for further research in the field of seismic exploration based on signals with a large base of B ≫ 1 (orthonormal, or pseudonoise signal).
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